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The outer surface of isolated mctaphasc chromosomes has been investigated by a method of thermally activated tritium labclling. WC show that 
both chromosomal proteins and DNA arc tritium-labelled. Fractionation of the chromosomal proteins reveals that scoffold proteins arc the most 
labclled in condensed and EDTA-dccondenscd chromosomes. Exposition ofsome scaffold proteins on the outer surface of mctiiphasc chromosomes 
is suggested. 
Metaphase chromosome; Non-histonc protein; Scaffold 
1. INTRODUCTION 
Investigations of metaphasc hromosome structure, 
intensive as they are, have not elucidated in full the 
topography of chromosomal proteins. It is generally 
accepted that some non-histone proteins form a mitotic 
chromosome framework, the scaffold, but scaffold is an 
operational term only, which designates a structure 
maintaining a high level of organization after treatment 
with high salt concentrations and nuclease hydrolysis 
[I]. Determination of the proteins forming the outer 
surface of metaphase chromosomes holds interest to 
provide a more precise definition of the structure of 
chromosomes and scaffold. Here, the bombardment of 
isolated chromosomes with thermally activated tritium 
atoms was used as a tool [2]. This method allows label- 
ling of the molecules exposed on the structure surface 
only, since the depth of the tritium path in condensed 
phase is very low (3-S A). 
The fractionation of chromosomal proteins has re- 
vealed that scaffold proteins are the most labelled, and 
hence probably take part in the formation of the outer 
surface of metaphase chromosomes. 
2. MATERIALS AND METHODS 
2.1 I Ceff cthrc utrd ckronloson2e isofarfon 
Chromosomes were isolated rrom a culture or mouse fibroblasla 
(line A9) according to [3] followed by 0.5% octylglycosidc treatment 
(Sigma, USA) and ccntrifugation through 0.3 M sucrose on conven- 
tional bulTcr at 4,000 x g for 10 min. 
2.2. Clrromosomr hbeffhg 
Chromosomes were frozen in a thin layer on the inner surface of a 
reaction flask (previously cooled with liquid nitrogen). lyophilized and 
lahelled with tritium activated on scorching (WCtO K) tungsten 
(trhium pressure in the system was 5-8 x IO-’ mmHg) according to 
[2]. The unbound and labile tritium was removed by 5.fold arntrifuga- 
tion of the chromosomes in 0.01 M HEPES, 0.003 M CaClz (PI-I 7.4) 
at 4,000 x y for 5 min. 
2.3. Efecrron microscopy 
Labelled and unlabelled chromosomes were prepared according lo 
[3] and examined with a JEM-100 C electron microscope (Japan). 
2.4. Tritfurn disrribrrriotr in mcrapllasc flrornosorrtes 
Lab&d chromosomes were sequentially fractionated with 0.3 M 
and 2 M NaCI. Proteins from extracts were precipitated by addition 
of TCA. Residual matcrlal was hydrolyzed with DNasc 1 to prepare 
scaffolds. The protein content in the fractions was determined by the 
method of Lowry [4J. 
DNA was isolated from metophase chromosomes according to [q 
and its concentration was determined speclropholomelriCaliy. 
Radioactivity in the chromosome fractiofis WPS measured using a 
Mark II scintillation counter (Nuclear Chicago). 
Abbreviations: TCA. trichloroacctic acid; EDTA, ethylcndiaminc- 
tctrnacedc acid; topo II, topoisomcrase 11; HEPES. W-Zhydroxyethyl- 
piperazinc-K-?-ethancsulfonic acid. 
2.5. Decondensalion of rfrc cl~rorirosonws 
Chromosomes were decondcnsed by incubation with 0.01 M 
HEPES, 0.005 M EDTA (pH 7.4) at room temperature for 30 min. 
washed with the same bull& and labelled as dcscrlbed above. 
Corresporrdence address: A.A. Kim. Laboratory of Biological Radio- 
chemistry, Inslitute of Nuclear Physics, Academy ofSciences of Uzbek 
§SR, Taschkent, settlement Ulugbck. 702132, USSR. 
2.6. Protein urralysis 
The total chromosomal proteins. the proteins extracted with 2 M 
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NaCI, 0.01 M EDTA and DNAsc I hydrolysis and scaffold proteins 
were analyzed by a 12.5% SDS-PAGE according IO Lasmmli [6] fol- 
lowed by blotting on nylon membrane and fluorography. 
The fraction of the total chromosomal proteins was obtained by 
exposing isolated mctaphasc chromosomes to20% TCA, followed by 
washing of the pellctcd proteins with acetone. 
The scaffolds were prepared by DNAse I hydrolysis of the chro- 
mosomes., with subsequent incubation in 2 M NaCI, 0.01 M EDTA 
for 30 min at room temperature. The proteins, extrdclcd with 2 M 
NaCI. 0.01 M EDTA and DNAse 1 hydrolysis were precipitated from 
supernatants by addition of TCA. 
3. RESULTS 
As was shown by electron microscopy neither lyo- 
philization nor labelling appreciably changed the 
metaphase chromosome structure (Fig. 1). Obviously, 
it should be taken into account that this test of struc- 
tural integrity is not accurate nough to detect fine dis- 
ruptions. 
Fractionation of the labelled chromosomes revealed 
tritium in all fractions analyzed, but scaffold proteins 
were the most labelled (Table I), 
I . 1 -i I 4 
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Fig. 1. Electron microgrdphs of isolated metnphase chromosomes (A) 
before labchinS and (13) after labelling. Bar represents I ,~rn. 
Tablc I 
The distribution of radioactivity in chromosomal fractions 
Fraction Specific radioactivity (cpm&) 
Non-histone proteins (extracted 185 
with 0.3 M NaCl) 
Histones (extracted with 2 M NaCI) 1,391 
Scaffold proteins 5,480 
DNA 1,399 
The distribution of tritium in the chromosomal 
proteins is shown in Fig, 2. Five labelled polypeptides 
(76, 74,45, 34 and 28 kDa) were found in the fraction 
extracted by nucleasc hydrolysis and 2 M NaCl, 0.01 M 
EDTA (Fig. 2, lane 3, indicated by arrows). This frac- 
tion included non-histone proteins and histones, but 
there were no H2l3, H2A, H3 and H4 among labelled 
proteins, although the 2%kDa band may be attributed 
to the histone, Hl, In the fractions of the total chromo- 
somal and scaffold proteins more than 10 labelled poly- 
peptides were found (Fig. 2, lane 2,4). 
Since, in the course of tritium labelling, the chromo- 
somal proteins could have covalently bound to DNA, 
the DNA was isolated after labelling, treated with 
nuclease and analyzed electrophoretically (not shown). 
As the proteins were not found in the DNA fraction the 
probability of their covalent binding is very low. 
Apparently, the most exposed metaphase chromo- 
some proteins were the proteins of the scaffold. In order 
to verify whether these proteins form the outer cover of 
metaphase chromosomes we treated the latter with 
1 3 
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Fig. 2. Coomassie blue staining pattern (lane I) and Ruorographic 
profiles (lanes 24) of tritium-labelled proteins of condensed 
mctdphase chromosomes, (Lanes 1,2) fraction of total chromosomal 
proteins: (lane 3) fraction of the proteins extracted with 2 M NaCI, 
0.01 M EDTA and nuclease digestion; (lane 4) fraction of scaffold 
proteins. The mol. wts. of the labelled chromosomal proteins were 
determined according to the markers: phosphorylasc B (92.5 kDa), 
bovine serum albumin (67 kDa), ovalbumine (45 kDa), car- 
boanhydrase (29 kDa), soybean trypsin inhibitor (21 kDa). 
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Fig. 3. Fluorographic profilrs of the tritium-IabcllLd proteins of dc- 
condensed metaphasc chromosomes. (Lane 1) fraction of total chro- 
mosomsl proteins; (lane 2) fraction of the proteins extracted with 2 
M NaCI, 0.01 M EDTA and nuclease dig&on; (lane 3) scaffold 
fraction. 
0.005 M EDTA. Removal of Ca2+ ions induces decon- 
densation of chromosomes to the level of chromatin- 
like structures and release of some chromosomal pro- 
teins [7]. 
EDTA-decondcnsed chromosomes were also sub- 
jected to tritium labelling, followed by electrophorctic 
analysis of their proteins. The fraction of the total chro- 
mosomal proteins, salt-extracted fraction and scaffold 
were found to contain the major labelled bands of the 
same mol. wt. as that from condensed chromosomes, 
while the extent of their labelling differed (Figs. 2 and 
3, indicated by arrows). 
4. DISCUSSION 
Only a few chromosomal non-histone proteins have 
been identified so far, so it is difficult to assign our 
labelled polypeptides to any particular class. The most 
prominent scaffold protein, topoisomerase (topo) II, 
has a mol. wt. of 170 kDa. Since none of the labelled 
polypeptides had mol. wts. above 100 kDa, topo II is 
probably shielded. This is in accordance with the data 
of Gasser et al. [S], who showed that topo II was dif- 
ficult to access by antibodies in condensed chro- 
mosomes. 
Also, we have found that the major Coomassie- 
stained band of 57 kDa in condensed chromosomes i
not labelled, and hence is completely shielded (Fig. 2, 
lane 1,2, indicated by arrowheads). 
In condensed chromosomes, the most labellecl are the 
polypeptides with mol. wts. of 45-55 kDa (Fig. 3, lane 
l,A), which apparently become more accessible to 
tritium in the course of decondensation. 
Lewis et al. [l] reported earlier on cytoskeleton pro- 
tein admixtures: mainly actin (45 kDa), vimentin (57 
kDa) and prekeratin (52 kDa) in the chromosomes i o- 
lated according to the method of Wray and Stubblefield 
(cited in [I]). Since the polypeptides with the same mol. 
wts. were observed among labelled chromosomal 
proteins (particularly the 4%kDa major band), it is 
highly likely that they are cytoskeleton proteins. 
In summary, on the one hand the outer surface of 
decondensed chromosomes is formed by chromatin 
fibers [7], and on the other, the most exposed proteins 
proved to be those of the scaffold. Hence, one can as- 
sume that some scaffold proteins form the outer surface 
of chromatin fibers in decondensed chromosomes. In 
support of this is the fact that in condensed chro- 
mosomes the mol. wts. of the major labelled bands 
coincide with those of the decondensed chromosomes. 
Consequently, the outer surface of metaphase chro- 
mosomes i  not a cover of the chromosomes as such, but 
apparently, is the outer surface of tightly packed chro- 
matin fibers. 
Thus, if the exposed proteins are labelled by tritium 
equally it is likely that some scaffold proteins form the 
outer surface of isolated metaphase chromosomes. 
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